O-Substituted N-oxy arylsulfinamides and sulfonamides undergo fast aza-Michael reaction in the presence of base and electron-deficient ,-unsaturated olefins under mild conditions. With Nsilyloxy benzenesulfinamides, no aza-Michael product is observed and a hetero aza-Brook type rearrangement takes place induced by the base. Room temperature N-desulfinylation of Nbenzyloxybenzenesulfinamide is achieved using BF3.Et2O. N-Alkoxy arylsulfonamides azaMichael adducts are found to be generally highly stable under strongly acidic and basic conditions.
Introduction
N-Alkoxy arylsulfinamides were first described by Maricich and co-workers in 1973. 1 In this work N-unsubstituted alkoxysulfinamides were presented as a novel class of alkylating agents. The alkylation mechanism was postulated to involve a sulfonimidate intermediate via migration of the alkoxy group from nitrogen to the adjacent sulfur. However, the potential of this class of compounds has not yet been fully explored. We conducted the synthesis of O-substituted N-oxy benzenesulfinamides 1a-b and also of the parent O-substituted N-oxy arylsulfonamides 2a-d starting from benzenesulfinyl 2 and p-toluenesulfonyl chlorides, respectively, and from readily available O-substituted hydroxylamines (Scheme 1 and Table 1 ). 
Results and Discussion
The reactivity of compounds 1 and 2 was evaluated under basic conditions (NaH, 0 ºC) in the presence of different Michael acceptors. The aza-Michael adducts of N-alkoxy arylsulfonamides were the major isolated products (Scheme 2 and Table 2 ). The adducts 3 and 4 were the major isolated products in yields that ranged from 52 to 96% (Scheme 2 and Table 2 ). The preparation of -amino sulfones 4f is of special interest since they readily undergo electrophilic substitution in the  position and have been used as intermediates in the synthesis of -amino acids, amino alcohols, substituted uridines and adenosines, alkaloids, -lactams and nitrogen heterocycles. No aza-Michael adduct was obtained from the reaction of 1a with the less electron-deficient N,N-dimethylacrylamide. When reflux conditions were used benzaldoxime (E)-5 was isolated. Investigation of this reaction in the absence of the Michael acceptor led us to conclude that (E)-5 is formed from decomposition of 1a. Under basic conditions deprotonation occurs with formation of benzaldehyde and benzenesulfinamide. Further reaction of 1a with benzaldehyde, gives benzenesulfinic acid and (E)-5 and a possible mechanism is shown in Scheme 3 for this transformation.
The electronic nature of the oxygen substitutent of the N-oxy group was also found to influence the reactivity of the studied arylsulfinamides. No aza-Michael adducts were detected using sulfinamide 1b, instead a hetero aza-Brook type rearrangement appears to have taken place, leading to compound 6 (Scheme 4). Higher yields were obtained using up to 1.0 equiv. of base and short reaction times. The formation of 6 can be explained by: (i) O→N anionic 1,2-migration of tert-butyl-dimethylsilyl (TBDMS), 6 and (ii) formation of a sulfur imine oxide intermediate. 7 A few examples of azaBrook rearrangements have been described, 8 however this hetero aza-Brook rearrangement is unprecedented.
In our ongoing interest in the development of novel aziridination synthetic methods, 9 we envisaged that the intramolecular cyclisation of the obtained aza-Michael adducts could potentially lead to the corresponding aziridines. Therefore we attempted its cyclisation under a variety of basic (NaH, KH, NaO t Bu, Zr(O t Bu)4, LDA, DBU, i Pr2EtN/TMSOTf) and acidic conditions (p-toluenesulfonic acid, reflux). However, under the tested conditions the starting azaMichael adducts were found to be highly stable and were quantitatively recovered from the reaction mixture. It should be stressed that intramolecular nucleophilic displacement at the sulfoxide and sulfone nitrogen has never been observed. This is attributed to the electronwithdrawing nature of these groups where the nitrogen assumes a trigonal configuration. 10 The intramolecular cyclisation of aryl(sulfonyl)amine derivatives has been achieved but exclusively at the sp 3 carbon adjacent to the nitrogen. 11 Gratifyingly, in the presence of Lewis acid BF3.Et2O it was found that N-benzyloxybenzenesulfinamide 3 undergoes N-desulfinylation to 8 at room temperature (Scheme 5).
Conclusions
In summary we have synthesised and unveiled some of the reactivity of N-alkoxy arylsulfinamides, N-alkoxy arylsulfonamides and their aza-Michael adducts. N-Alkoxy arylsulfinamides were found to be unreactive towards less electron-deficient Michael acceptors leading to benzaldoximes upon heating or N-silylsulfonamides via an hetero aza-Brook type rearrangement. N-Desulfinylation of a N-benzyloxybenzenesulfinamide aza-Michael adduct was also observed using a Lewis acid under mild conditions.
Experimental Section
General. Solvents were purified by standard methods. All commercial reagents were used as received unless otherwise mentioned. Benzenesulfinyl chloride, 14 and phenylvinylketone, 15 were prepared according to literature procedures. For analytical and preparative thin-layer chromatography, Merck, 0.5 mm and 1.0 mm Kieselgel GF 254 percoated were used, respectively. Melting points were recorded on a Köfler apparatus, Reichert Thermovar model, and are uncorrected. Infrared spectra were recorded on a Perkin Elmer 683 FT-IR spectrometer. Nuclear magnetic resonance spectra ( 1 H and 13 C NMR) were recorded on a Bruker ARX 400 spectrometer.
1 H shifts are reported relative to internal TMS. Carbon shifts are given relative to the. 13 C signal of CDCl3 ( 77.0 ppm) as reference. High resolution mass spectra were recorded on a Micromass autoSpecQ in the Unidade de Espectrometria de Masas from the University of Santiago de Compostela, Spain.
Preparation of O-substituted N-oxy benzenesulfinamides.
The arylsulfinyl chloride (1.0 equiv.) was added to the free hydroxylamine (1.0 equiv.) in THF at 0 ºC, under inert atmosphere and magnetic stirring. Upon completion (TLC control) the reaction mixture was allowed to reach room temperature, and then diluted with diethyl ether, filtered and sucessively washed with water and a 15% NaHCO3 aqueous solution. The organic phase was dried over anhydrous MgSO4 and the solvent removed to dryness. The obtained product was purified by chromatography and/or by recrystallisation. (±)-N-(Benzyloxy)-benzenesulfinamide (1a) . To a solution of O-benzyl-hydroxylamine hydrochloride (1.8 g, 11.3 mmol) in toluene (10 mL) under inert atmosphere and magnetic stirring was added triethylamine (1.0 equiv., 1.57 mL, 11.3 mmol). The reaction was stirred over one hour. The presence of free O-benzyl-hydroxylamine was checked by TLC (silica, AcOEt/nhexane 7:3; spray reagent: PhCOCl/FeCl3, red spot; Rf 0.34). The mixture was filtered and the solid washed with diethyl ether. The solvent was removed under vacuum and the O-benzylhydroxylamine obtained as light yellow oil (832 mg, 6.76 mmol). To the hydroxylamine at 0 ºC was added a THF solution of benzenesulfinyl chloride (2.5 mL, 3.28 mmol). After 15 min. (TLC control: silica, AcOEt/n-hexane 7:3; spray reagent: PdCl2, orange spot) the reaction is complete. The mixture was filtered and 1a was obtained as a white solid (400 mg) in 50% yield. Rf 0.53 (AcOEt/n-hexane 7:3); mp 90-91 ºC (CCl4/n-hexane) (mp lit. 
Preparation of O-substituted N-oxy arylsulfonamides
The protocol described for the synthesis O-substituted N-oxy benzenesulfinamides was followed using the corresponding arylsulfonyl chlorides. In the case of aromatic hydroxylamine hydrochlorides pyridine was used as a base since the use of triethylamine led to the formation of the corresponding phenol, and only the sulfonic ester was isolated. 
N-(Benzyloxy)-benzenesulfonamide (2a

Reaction of O-substituted N-oxy arylsulfinamides and sulfonamides with Michael acceptors
To a THF solution (7.5 mL/mmol) of the N-oxy arylsulfinamide or sulfonamide (1.0 equiv.) at 0 ºC, under inert atmosphere and magnetic stirring, sodium hydride (1.0 equiv.) and 18-crown-6 (0.1 equiv.) were added. After the complete solubilization of the sodium salt the Michael acceptor (1.1 equiv.) was added. Upon completion (TLC control) the reaction mixture was neutral with a 1M CH3CO2H THF solution (1.0 equiv.). The solvents were removed in vacuum and the products purified by chromatography. (±)-3-[N-(Benzyloxy)-N-benzenesulfinamide]-1-phenylpropan-1-one (3 
